Summary.-The in vitro interaction between activated, non-immune macrophages (AM) and a variety of syngeneic, allogeneic or xenogeneic " normal " and " malignant" target cell lines was followed by different parameters such as target cell proliferation, viability or morphology.
was also achieved with target cells growing in suspension, where maintenance of close contact between effectors and targets is unlikely, indicating that this macrophage effect may be mediated by a soluble product of AM.
The finding of clear differences in the proliferation inhibition of slowly proliferating normal and neoplastic targets suggested that proliferation per se may not fully mirror the consequences of the macrophage/target cell interaction. This was affirmed when viability and morphology were used as parameters: viability was virtually unaffected in normal targets whereas neoplastic cells were killed.
Accordingly, it is suggested that activated non-immune macrophages can affect targets in strikingly different ways. Inhibition of proliferation could be an important homoeostatic regulatory function of the macrophage which would affect every replicating cell. Cytocidal killing of targets, on the other hand, is achieved only on neoplastic cells.
RECENT studies in many laboratories have led to the recognition that macrophages can contribute in a variety of ways to host resistance against tumours. The long established immunologically specific cytotoxic tumour cell killing (Granger and Weiser, 1964 ) is achieved not only by macrophages sensitized with specific antibody but also by normal macrophages which have come in contact with a soluble product of sensitized lymphocytes plus specific antigen (Evans and Alexander, 1972) . Moreover, in cultures of sensitized macrophages and specific antigens, antigenically unrelated tumour cells can be damaged as "innocent bystanders " (Evans and Alexander, 1972) . Finally, normal macrophages activated in vivo and in vitro by any of a large array of nonspecific stimulants of natural immiunity acquire the capacity effectively to inhibit tumour growth in vitro (Alexander and Evans, 1971; Keller and Jones, 1971; Keller, 1973a, b;  Hibbs, Lambert and Remington, 1972; Holtermann, Klein and Casale, 1973) and in vivo (Keller and Hess, 1972) .
Nonspecific killing of tumour targets has generally been viewed as cytotoxic in nature. However, our own investi-gations have suggested that such target cell killing may be a good deal more than a single step reaction and probably involves a mechanism which initially expresses itself by a marked decrease in target cell proliferation (Keller, 1973a) .* In the present study, the in vitro interaction between activated, non-immune macrophages (AM) and a variety of syngeneic, allogeneic and xenogeneic " neoplastic " and " normal " cell lines was examined by cell proliferation, residual cell numbers and morphological changes as a means of following the manner and magnitude of effector/target cell interaction. The findings reported here show that in the presence of ani appropriate ratio of AM, target cell proliferation is always markedly reduced or completely stopped in all quickly replicating cell lines, " normal " as well as " neoplastic ". However, other generally employed parameters of interaction, such as morphology and viability, were greatly altered in neoplastic bult not in targets derived from normal tissues. Thus, the rapid growth of " normal " cells is slowed or stopped by AM, whereas trainsformed or tumour cells are quickly rendered non-viable by an as yet unidentified cytocidal process.
MATERIALS AND METHODS
Aninilals.-Inbred rats of the DA strain were used throughout; inbred Lewis rats were used in a few experiments. Aniinals were maintained under conventional conditions. The pathogen-free DA rats used in one experiment were kindly supplied by the Institut fur Biologisch-Medizinische Forschung AG, Fiillinsdorf/Switzerland.
Cell lines.-DA rat tumours were the ones previously described (Keller, 1973a) or were newly induced by the injection of polyoma virus or dimethylbenzanthracene (DMBA), or by instillation of methylcholanthrene (MCA; Keller, 1973a ). An MCA tumour has also been induced in inbred Lewis rats.
These cells wNere grown in Eagle's minimal essential mediuin (MEM; Eagle, 1959) Assessment of effector/target cell interaction.-To assess the kind and degree of effector/target cell interaction, the morphology of the cultures was followed at varying intervals by phase contrast microscopy or after fixation with methanol and staining with Giemsa.
Cytotoxicity was assessed in some of the cell lines labelled with 51Cr (sodium chromate; Eidgen. Institut fur Reaktorforschung, Wurenlingen, Switzerland; 50 ,uCi 51Cr/108 cells) using the methods described previously (Keller, 1973a) (Keller, 1973a Results represented in Table I show that macrophages taken from pathogenfree rats 3 days after intraperitoneal injection of 10% peptone profoundly inhibited the proliferation of target cells. Accordingly, macrophage cytostatic potential would seem to be an inherent property of these cells and can be raised to a highly potent level by the very same means known to lead to macrophage activation.
The presence of activated macrophages on target cell proliferation in vitro The derivation and the growth characteristics of the various cell lines used in this study are listed in Table II . Studies on these revealed that the proliferation of these lines is affected differently by the presence of AM. Results with representative categories of target cells, i.e. malignant vs normal syngeneic, allogeneic vs xenogeneic, are depicted in Fig. 1 . These experiments demonstrate most dramatically that proliferation of rapidly proliferating syngeneic rat tumour cell lines is totally blocked after culture for 24-48 h with AM at an effector/target cell ratio of 10: 1. This finding applies to two different polyoma induced tumours, maintained in culture over 80 (represented in Fig. 1 ) and 4 passages respectively, and for two syngeneic carcinogen induced tumours. Proliferation of methylcholanthrene iniduced tumouir cells from a Lewis rat which differs from the DA strain in major histocompatibility antigens (Palm, 1971) is much more inhibited by AM than incorporation by slowly proliferating embryonic fibroblasts suggests that quite apart from their rate of replication (Table IV) there may be still other significant differences in the macrophage reaction against normal and malignant cells. (Table V) . It is noteworthy that despite the lack of the aforementioned criteria of cytotoxicity, of phagocytosis or of the presence of cell debris, parallel morphological observations revealed a progressive, striking decrease in the number of tumour targets.
Although the number of targets remaining in the dishes following culture with AM could not always be assessed accurately because removal of cells by trypsinization made differentiation between effectors and targets sometimes difficult the direct comparison with control cultures at the end of the 72 h incubation period in most cases led to clear conclusions. Data such as that given in Table  VI revealed striking differences between the cell lines examined. In accordance with the results of proliferation studies, both syngeneic (DA) and allogeneic (Lewis) rat fibroblasts grown in the presence of AM were found to be only slightly decreased in number or not at all. Although proliferation of non-transformed mouse (3T3) and human (Lopez) fibroblasts (cf. Fig. 1 ) were almost completely blocked by macrophages, the actual number of these targets was hardly diminished (Table VI) . In marked contrast, the number of syngeneic (polyoma) and xenogeneic (SV40 3T3) tumour cells that remained after interaction with AM was consistently drastically reduced; indeed, targets were often completely eliminated. The observations showing that there is a progressive disappearance of tumour targets in the absence of injured cells or of cell debris is indicative of the involvement of a special, cytocidal process.
In other experiments, targets grown for 72 h in the presence of AM were cloned and thymidine incorporation was assessed after a further 10 days of culture. Results in Table VII show that malignant cell lines exposed to AM for 72 h were no (Fig. 2a, b) . 28 In the carcinogen induced syngeneic and allogeneic rat tumours and the slowly proliferating human mammary carcinoma cells, these consequences of interaction were somewhat less pronounced but were nonetheless consistently evident (Fig.  3a, b) . In both virus and carcinogen induced rat tumours, the morphological consequences of the interaction with AM have been followed on more than 100 separate occasions; Fig. 2 and 3 are representative of the alterations consistently evident after 72 h culture. As mentioned previously, the number of targets was consistently markedly decreased and in some preparations totally absent although neither signs of phagocytosis nor cell debris were detected. Cells derived from normal tissues, although mostly inhibited in proliferation as a consequence of their interaction with AM, at no time showed these morphological alterations (Fig. 4a, b) .
DISCUSSION
The in vitro interaction between activated macrophages and a spectrum of targets has been examined, including various normal and transformed syngeneic, allogeneic or xenogeneic cell lines and a number of parameters to evaluate proliferation, viability and morphology as meaningful consequences of interaction. A number of new findings and rather unexpected data have emerged. The prior observation (Keller, 1 973a; 1974) that tumour cell proliferation is quickly and markedly decreased by AM was confirmed and extended. The cytostatic macrophage effect proved to be similarly potent against syngeneic, allogeneic or xenogeneic tumour targets whether autochthonous or induced by viruses or by carcinogens. Morever, proliferation of rapidly replicating cell lines derived from normal tissues of varied origin was blocked almost as rapidly and completely as that of neoplastic targets. However, the observed marked difference in the degree of the cytostatic macrophage effect upon slowly proliferating normal fibroblasts and slowly proliferating tumour cells (Table VI) revealed what may prove to be an important distinction. It now seems unlikely that the rapid and marked cytostatic effect on human tumour cells is due solely to the rate at which these cells proliferate; this rate is only slightly higher than that of rat fibroblasts. This issue cannot be resolved conclusively until observations can be made on a number of slowly proliferating tumour targets (not presently available to us) or, more likely, until something of the molecular mechanisms involved in the macrophage cytostatic effect becomes known.
The present experiments thus attest to the inherent capacity of macrophages to block the proliferation of any rapidly dividing cells. This effect seems quite independent of tumour, cell, or species specificity; proliferation of rapidly replicating normal cells and transformed cells is affected comparably. This AM effect can thus be differentiated from that of known inhibitors of cell proliferation such as interferon (Gresser and Bourali, 1970) or the chalones (Houck, 1973; Bullough, 1973) . Further observations (Keller, 1973a; Waldman and Gottlieb, 1973) suggest to us that the potent homoeostatic capacity of macrophages to limit cell proliferation may be modulated depending on the ratio of effectors and targets. This could be interpreted as indicative of another intriguing host homoeostatic means for regulating cell proliferation.
The data on targets derived from normal tissues and on targets grown in suspension argue against the prior notion that close contact between effectors and targets is essential for blocking of cell proliferation. In suspension culture of rapidly proliferating melanoma cells, close contact with AM could not have occurred consistently since targets were nonadherent, in contrast to previously studied monolayer tumour targets. Despite the absence of aggregates of targets and AM as morphological evidence of ciose contact, the cytostatic process provedfully efficient. Our earlier view (Keller, 1973a) based on experiments with syngeneic polyoma and carcinogen induced tumour cells that close cell-to-cell contact and blockade of cell proliferation were causally related is thus no longer tenable. The present findings would be more consistent with this action of macrophages being mediated by a soluble factor elaborated by these cells. Data in support of this interpretation have been obtained and will be reported separately.
How is it that a cystotatic effect of AM on normal cells of such magnitude and uniformity had not previously been seen by the investigators in this field? In retrospect, this is more readily understandable as the omission relates primarily to the methods used to assess the consequences of effector-to-target cell interaction. So far, conclusions on the outcome of such interactions have been based solely on the morphological consequences, i.e. either a decrease in number and changes in shape of targets as observed in the cultures (Hibbs et at., 1972; Hibbs, 1973) or enumeration of targets remaining detectable after interaction (Evans and Alexander, 1972; Alexander and Evans, 1971; Holtermann et al., 1973) . Using these parameters, cytocidal, cytolytic or cytotoxic effects accompanied by a marked diminishment in tumour target numbers were accurately reflected without in any way disclosing, however, of the less obvious cytostatic effects. In this respect, work showing that macrophages can effectively modulate the responses of lymphocytes to a variety of stimuli provides information and clues for such effects on targets (Perkins and Makinodan, 1965; Parkhouse and Dutton, 1966; Diener, Shortman and Russell, 1970; Yoshinaga, Yoshinaga and Waksman, 1972; Scott, 1972a, b; Sj6berg, 1972) . These observations have demonstrated that antibody formation by lymphoid cells or their in vitro responsiveness to phytohaemagglutinin, endotoxin or allogeneic lymphocytes was inhibited by the presence of macrophages. More recent work indicates (Waldman and Gottlieb, 1973; Keller, (unpublished); Nelson, 1973 ) that regulation of DNA synthesis in lymphoid cells by macrophages is mediated by a soluble factor.
For a better understanding of the effector/target cell interaction, other parameters such as target cell viability and morphology were followed. The present data on the release of 5'Cr from, and the uptake of trypan blue by targets following interaction with AM provided no evidence for a major role of classic cytotoxicity in the present system and are thus in keeping with previous observations (Keller, 1973a) . However, in view of the fact that buit few selected target cell lines have the qualities (including sensitivities) to warrant their use in assavs of lymphocyte mediated cytotoxicity these criteria obviously have serious limitations; thus, a conclusive decision on this aspect of the macrophage effect would be premature.
Morphological observations made early in the course of our workin this field showed that tumour targets were markedly diminished in number in the presence of AM (Keller and Jones, 1971; Keller, 1973a; 1974) have been confirmed and many more such observations were made in the present work. Such drastic reduction in target cell number was detected in every neoplastic cell line examined. In contrast, studies of cell lines derived from normal tissues showed that in most lines the final number of targets was not at all affected by the presence of AM; in one xenogeneic line there was a moderate reduction in cell number. In this respect, the differences appearing in the morphological consequences of the macrophage interaction with normal or tumour targets were similar to those observed in various other in vitro systems (Hibbs et al., 1972; Holtermann et al., 1973; Hibbs, 1973) . These morphological observations were confirmed by enumerating the number of targets still present after 72 h interaction with AM (Table VI) . In an even more objective way, results of cloning experiments have shown that ncoplastic targets cultured for 72 h with AM were quite incapable of re-establishing growth, whereas cells derived from normal tissues were consistently able to resume growth. Although the array of tumours examined could be more extensive, the present data may suffice to attest that tumour targets are selectively and effectively killed during their in vitro culture with AM. The repeated observations of a progressive decrease in the number of tumour cells without detectable signs of classic cytotoxicity, of phagocytosis or of cell debris, all suggest that the striking potency of tumour target elimination by AM is due to an as yet undefined cytocidal process.
The present data, taken as a whole, show that AM interacting witlh targets derived from normal tissues stop target cell proliferation without substantially affecting viability. In sharp contrast, interaction of AM with neoplastic cells not only blocks their replication but subsequently kills these targets by a cytocidal process. These macrophage effects on cell proliferation are nonspecific in the sense that there appear to be no species, cell type or tumour limitations in this action and involve all cell types examined, even including mitogen activated lymphocytes (Waldman and Gottlieb, 1973; Keller (unpublished); Nelson, 1973 
